Introduction
Marinades are fish products consisting of fresh, frozen or salted fish or portions of fish processed by treatment with edible acids, and salt and placed in brines, sauces, creams or oils (Kilinc and Cakli, 2005; Sallam et al., 2007) . Marinades are semi-preserves; the preserving principal is the combination of acetic acid and salt (Sallam et al., 2007; Sallam, 2008) . Acetic acid exists in acidic foods largely in the undissociated form, which can penetrate through the cell membrane of microorganisms, where it acidity the cytoplasm along with denaturate of proteins. NaCl can inhibit the microbial growth by restriction of the available water (i.e. lowers a w ) in product (Sallam, 2008) . This type of food preservation is a popular favorite in Turkey and in other European countries and especially anchovy, sardine, sprat, codfish and shad are used in this kind of production (Kucukgulmez, 2012) .
In marinade production, fish meat is immersed in acetic acid and salt solutions to transport acid and salt to the fish meat. Marinating is a relatively long process. During this process, due to combined activity of acid and salt solutions, microbial activity is inhibited, pH is decreased and the product enters the period of ripening. In this period, acid and salt act together with the enzymes originating from the fish, and start degrading the fats and proteins in the fish meat. As a result of this process, a nice aroma and a taste form in the fish meat (Sen and Temelli, 2003) . Many papers suggest that uniform acid and salt distribution is important in marinades if uniform ripening is to be achieved (Poligne and Collignan, 2000; Capaccioni et al., 2011) . A faster marinating method, which would allow a more homogenous acid and salt distribution in fish meat, could therefore, reduce the marinating time, extend the shelf-life and also improve the sensorial attributes.
The transport of acetic acid and salt in fishery products depends on many factors including species, muscle type, fish size, fillet thickness, weight, composition (lipid content and distribution) physiological state, salting method, brine concentration, duration of salting step and fish-to-salt ratio, ambient temperature, freezing and thawing (Baygar et al., 2010) . In addition to these factors, several researches have reported that ultrasound treatment accelerated mass transport in several food systems, products and processes. Some out for each kind of treatment. For static marinating, ~ 50 g of anchovy fillets was weighed into a 400 mL glass baker and to this; 200 mL of marinating solution containing 4% acetic acid (v/v) and 8% NaCl (w/v) was added. The marinated anchovies were stored in the refrigerator (4 ± 1℃) for 10, 20 and 30 min.
For ultrasonic treatments, as mentioned above, − 50 g of anchovy fillets was weighed into a 400 mL glass baker and to this; 200 mL of marinating solution containing 4% acetic acid (v/v) and 8% NaCl (w/v) was added. Metallic probe (1.3 cm diameter of generator, Sonics & Materials Inc. Connecticut, USA) was immersed into marinating solution at a depth of approximately 2.5 cm to creative acoustic cavitations. Anchovy fillets were treated with 20 kHz ultrasound at three different ultrasonic intensity (20, 25 and 30 W/cm 2 ) and at three different times (10, 20 and 30 min) . During the ultrasonic treatments, the temperature of marinating solution was kept constant at 4 ± 1℃ by placing the glass baker into a temperature controlled bath. After marinating process, the anchovy samples were superficially dried with absorbent paper, ground to produce a homogeneous sample and analyzed for moisture, acetic acid, NaCl and pH.
Analyses Moisture content of unmarinated and marinated samples was determined by drying in an oven at 105℃ until constant weight (AOAC, 1990) . Acetic acid determination was made by titration with sodium hydroxide (Lees, 1975) and salt (NaCl) content was measured according to Lees (1975) . pH was measured using a digital pH-meter (Cyberscan PC 510, Singapore) equipped with a combination pH electrode (Sensorex, S175CD Spear Tip, USA) calibrated in buffers at pH 4.01 and 7.00 (Mettler Toledo, USA) at 25℃. All the analyses were done in triplicate for each sample.
Statistical assessment was carried out with the program system of SPSS 10.0 for Windows (SPSS Inc., Chicago, IL). The data from three replications were analyzed by using oneway analysis of variance. Differences were considered significant at the P < 0.05 level. Comparison of treatment means was based on Duncan's multiple range test.
Results and Discussion
The effect of ultrasonic marinating on the transport of moisture in the anchovy marinades after 10, 20 and 30 min of marinating is shown in Figure. 1. As can be seen, ultrasonic marinating had a significant (P < 0.05) effect on moisture content. While initial moisture content was 2.58 kg/kg initial dry matter, this value decreased in all treatments during marinating. In all marinating times, the lowest moisture content was observed in marinated anchovies with 30 W/cm 2 of ultrasonic intensity, followed by marinated anchovy with examples are the brining of meat Siro et al., 2009) and cheese (Sanchez et al., 1999; Sanchez et al., 2000) and drying of carrot, persimmon and lemon peel (Garcia-Perez et al., 2007) . The influence of ultrasound on mass transfer has been explained by several mechanisms. These include the asymmetric implosions of the cavitation bubbles close to a solid surface that generate microjets in the direction of the surface that can affect mass transfer by disturbing the boundary layer. Some structural effects and the creation of microchannels may also influence the mass transfer process Siro et al., 2009) .
The ability of ultrasound to cause cavitation depends on ultrasound characteristics (e.g. frequency and intensity), product properties (e.g. viscosity and surface tension) and ambient conditions (e.g. temperature and pressure) (Siro et al., 2009) . Sanchez et al. (1999) indicated that water and NaCl transfer of cheese increased when ultrasound was applied in comparison with brining performed under static or dynamic conditions. Carcel et al. (2007) stated that higher ultrasonic intensity increased the NaCl transport of pork meat, while lower intensity had no effect. Siro et al. (2009) investigated the application of an ultrasonic assisted curing technique for improving the diffusion of NaCl in porcine meat. They found that ultrasonic treatment enhanced the diffusion of salt compared to samples brined under static conditions and salt diffusion exponentially increased with increased ultrasonic intensity.
To the best of our knowledge, there are no reports on the effect of ultrasonic marinating on mass transport in anchovy marinades. Therefore, the general objective of the present work was to assess the effect of ultrasonic marinating at different intensity (20, 25 and 30 W/cm 2 ) and at different times (10, 20 and 30 min) on mass transport in anchovy marinades. For this aim, the effect of ultrasonic marinating on the transport of moisture, acetic acid and salt, and decreasing pH was investigated and compared with those of obtained with static marinating.
Materials and Methods
Materials Anchovies (Engraulis encrasicholus) caught from the Black Sea, Turkey in January 2013, were used in this research. Fish (moisture 72.08 ± 0.21%, pH 6.29 ± 0.02, weight 6.97 ± 0.85 g and length 10.50 ± 0.41 cm) were purchased from Samsun Fish Bazaar on the day of catch, boxed in ice and quickly transported to the laboratory. They were beheaded, eviscerated, filleted and washed with tap water and drained on a plastic sieve for 15 min.
Marinating process In this study, the anchovy fillets were marinated with two methods including static marinating and ultrasonic marinating. Three replications were carried ments during marinating and the highest increase was at the end of 10 min marinating. The rapid increase in the beginning of the process can be attributed to the large concentration gradient between marinating solution and meat tissue. Similar observations were also made by Akkose and Aktas (2012) , who investigated salt diffusion in rainbow trout (Oncorhynchus mykiss). On the other hand, acetic acid transport to anchovy flesh was faster than NaCl transport. This may be attributed to physical and chemical characteristics of anchovy flesh, and effect of ultrasound process. However, an exact 25 W/cm 2 of ultrasonic intensity (P < 0.05), but at the end of 20 min marinating, no significant differences was observed between moisture content of marinated anchovies with 30 W/cm 2 of ultrasonic intensity and those of marinated anchovies with 25 W/cm 2 of ultrasonic intensity (P > 0.05). In all marinating times, the highest moisture content was observed in static marinated anchovies and in marinated anchovies with 20 W/cm 2 of ultrasonic intensity (P < 0.05). These results revealed that ultrasonic marinating (except 20 W/cm 2 )
affected the transport of moisture in anchovy marinades and moisture content of anchovy marinades decreased while ultrasonic intensity increased. This may be attributed to cavitation produced by high intensity of ultrasound (Sanchez et al., 1999; Sanchez et al., 2000) . Similar to our findings, Sanchez et al. (1999) found that the use of ultrasound increased water losses during cheese brining. It is also reported that acoustically brined cheeses exhibited lower water content than conventionally brined cheeses during the ripening period (Sanchez et al., 2000) . However, Carcel et al. (2007) found that brined meat samples with 30 W/cm 2 of ultrasonic intensity showed a similar dehydration level to samples treated under mechanic agitation or static conditions. Acetic acid and NaCl have a long history of use in marinades and other acidified foods to prevent growth of pathogenic bacteria and most spoilage bacteria, and to obtain a pleasant taste without being too tough (Fuselli et al., 2003; Kilinc and Cakli, 2004) . As indicated in Figures 2 and 3 , ultrasonic marinating had a significant (P < 0.05) effect on the transport of acetic acid and NaCl. In general, acetic acid and NaCl content of anchovy marinades increased in all treat- marinades decreased in all treatments during marinating and the fastest decrease was shown in the beginning of the process. At the end of 10 min marinating, pH values of all treatments were similar (P > 0.05), while at the end of 20 min marinating, the lowest pH value was observed in marinated anchovies with 30 W/cm 2 of ultrasonic intensity (P < 0.05).
Likewise, at the end of 30 min marinating, the lowest pH value was observed in marinated anchovies with 30 W/cm 2 of ultrasonic intensity was 4.60 (P < 0.05), while pH values of other treatments ranged from 4.78 to 4.89 (P > 0.05). In marinated products, pH is an important parameter and it should not be more than 4.8 (Cadun et al., 2005) . Because, bacterial growth in marinated products is inhibited by acidic pH (Ozogul et al., 2009) . Besides, the acidic conditions of marinades make the tissue cathepsins more active. This results in the degradation of some muscle proteins into peptides and amino acids, which gives the marinade the proper texture and flavor (Kilinc and Cakli, 2005) . According to these results, marinating with 30 W/cm 2 of ultrasonic intensity exhibited the highest effect in decreasing the pH value of marinated anchovy.
Conclusions
In the present study, the effect of ultrasonic marinating on the transport of acetic acid and salt in anchovy marinades was investigated. Results indicated that ultrasonic marinating accelerated mass transfer. However, it should be emphasized that this acceleration was depending on ultrasonic intensity and marinating time. At the end of 30 min marinating, the best results were obtained in marinated anchovies with 30 W/cm 2 of ultrasonic intensity for acetic acid and salt transfer.
explanation of this phenomenon is not clear. Similar findings were also obtained by Capaccioni et al. (2011) in marinated Engraulis anchoita fillets. In all marinating times (except 10 min marinating for acetic acid), the highest acetic acid and NaCl content were observed in marinated anchovies with 30 W/cm 2 of ultrasonic intensity, while the lowest values were observed in static marinated anchovies (P < 0.05). At the end of 10 min marinating, the lowest acetic acid content was observed in marinated anchovies with 20 W/cm 2 and no significant differences was observed between acetic acid content of static marinated anchovies and those of marinated anchovies with 25 W/cm 2 of ultrasonic intensity (P > 0.05). NaCl contents of marinated anchovies with 20 and 25 W/cm 2 of ultrasonic intensity were similar during marinating times (P > 0.05). According to these results, ultrasonic marinating accelerated acetic acid and NaCl transport and achieved 15 − 31% and 25 − 45% increase in acetic acid and NaCl transport with to respect to static marinating at the end of 30 min marinating, respectively. Besides, in general, acetic acid and NaCl content of anchovy marinades increased when ultrasonic intensity increased. These results are in agreement with results reported by Sanchez et al. (1999) . These authors found that NaCl transfer increased when ultrasound was applied in comparison with brining performed under static or dynamic conditions. In another study, the same authors reported that the application of ultrasound clearly improved salt transport compared to conventionally salted cheeses (Sanchez et al., 2000) . Similar results were also obtained by Siro et al. (2009) for porcine meat. They found that ultrasonic treatment increased the diffusion of NaCl compared to static brined samples and this increase was dependent on ultrasonic intensity. However, our findings were in contradiction with results of Carcel et al. (2007) found that ultrasonic treatment only increased brine diffusion significantly above a certain intensity level (in particular 51 W/cm 2 ). These differences could be due to sample composition or process conditions. The effect of ultrasound on mass transfer has been attributed to cavitation. In this regard, the high intensity of ultrasound produces an intense cavitation in solution. The asymmetric implosions of the cavitation bubbles close to solid surface generate microjets that hit the solid. These microjets could produce the microinjection of solution into the meat samples. Some structural effects such as the so called "sponge effect" and the creation of microchannels may also influence the mass transfer process Siro et al., 2009) .
A significant effect (P < 0.05) of the ultrasonic marinating on the pH value of anchovy marinades can be seen in Figure 4 . As can be seen, in general, pH values of anchovy 
